The above stroke projections are based on three main assumptions that may not hold true. First, they are based on the assumption that age-specific stroke event rates calculated in Melbourne are representative of those found in the rest of Australia. However, even within the Melbourne region, the incidence of stroke varied [2] , and so it is likely that there will be variations elsewhere in Australia. The projections are also based on the assumption that Australia's population will continue to grow in the same manner as current growth. This is unlikely, as the growth estimates using the 2001 population projections even differ from the growth estimates projected from the 2006 population [5] . Finally, future estimates of the number of strokes occurring are based on the assumption that incidence rates remain the same over time. However, it is possible that incidence rates are also declining, as has been observed in Perth, W.A., Australia [6] , and other countries [7] , such as the United Kingdom [8] , New Zealand [9] and France [10] , where stroke incidence studies have been repeated using the same methods. The decline in death rates from stroke [11] also supports the possibility that incidence is declining. Such declines in incidence may be attributable to improvements in primary and secondary prevention strategies, as has been observed in Canada and the United States [12, 13] , while declines in mortality [13] actually reflect a better case fatality from improved treatment or a reduced severity in the strokes that are occurring. Thus, there are likely to be some inaccuracies in these estimates of the number of strokes that may occur in future years.
We aimed to assess whether there is evidence that deaths and hospitalisations from stroke in Australia are increasing. We hypothesised that the overall number of people hospitalised with stroke was increasing.
Methods

National Data for Stroke
We extracted all acute hospitalisations for stroke occurring from July 1, 1996, to June 30, 2006, from the Australian Institute of Health and Welfare's (AIHW) National Hospital Morbidity Database (NHMD), using stroke as a principal diagnosis only. Acute hospitalisations were identified as all separations for which the care type was reported as acute, new-born (with qualified days) or was not reported. Separations for other care types were excluded as were separations from psychiatric hospitals. These hospitalisations were extracted using ICD-9-CM codes 430-434 (except for those codes listed below) and 436 up to the period ending June 30, 1998 [14] . Thereafter ICD-10-AM codes I60-I64 were used [15] . These codes include acute hospitalisations as these are expected to represent new stroke events (first or recurrent). They therefore exclude the late effects of stroke and other codes not specific to an acute stroke event (433.00, 433. 10, 433.20, 433.30, 433.80, 433.90, 434 .00, and 434.90). Deaths data were obtained from the AIHW's National Mortality Database, which is sourced from the Australian Bureau of Statistics and the Registrars of Births, Deaths and Marriages [16] . Stroke deaths were identified for the period from January 1, 1997, to December 31, 2007, using ICD-10 codes I60-I64 for deaths registered in those years (not deaths occurring in those years). For these deaths, stroke was recorded as the underlying cause of death, and not an associated cause.
Denominators
Australian Bureau of Statistics estimated resident population data as at December 31 were obtained for each year from 1995-2005. Population estimates from 2007 onwards were obtained from the Australian Bureau of Statistics population projections Series B [5] . Series B reflects the trends in fertility, life expectancy at birth, and net migration that were observed at the time of the census.
Estimated Number of Deaths and Hospitalisations
Hospitalisation episode data from the 1996-1997 financial year were used to predict future hospitalisations from stroke. Age-and sex-specific mortality data from 1997 were used to predict future deaths from stroke. These predictions were based on demographic changes to the population, i.e., an increase in the population's age and population growth [5] .
Comparison of Estimated with Observed Data
We compared the estimates of projected hospitalisations and deaths from stroke with those observed in the national figures for the following 9 years.
Hospitalisations and Deaths from Stroke Using a Population-Based Incidence Study of Stroke
Data from the North East Melbourne Stroke Incidence Study (NEMESIS), a study conducted using 'ideal criteria' for stroke incidence studies [17] , was used as a comparator for hospitalisations and deaths obtained from routinely collected data. Firstly, the number of strokes occurring in Australia was estimated from the NEMESIS data by multiplying the age-specific attack rates with the population denominator for each age group. These were summed to obtain the overall number of strokes expected in Australia in 1997. The proportion of strokes that were hospitalised within the NEMESIS sample was then multiplied by the overall number of strokes to calculate the expected number of hospitalisations for stroke in Australia in the same year. The number of expected deaths in Australia was calculated by multiplying the proportions of patients within NEMESIS who died in the first 12 months of stroke by the overall number of strokes estimated. Similar calculations were undertaken to estimate the overall number of non-hospitalised deaths and the number of non-hospitalised survivors.
Statistics
Mantel-Haenszel age-adjusted rate ratios (MH-RR) were used to compare hospitalisation rates and death rates between the final observation period and the first observation period.
Ethics
NEMESIS was approved by ethics committees at each participating institution. Informed consent was obtained from participants.
Results
Hospitalisations
In total 27,399 hospitalisations for stroke occurred in Australia from July 1996 to June 1997. Based on the agespecific rates of hospitalisations occurring during [1996] [1997] The greatest reduction in hospitalisation rate for stroke occurred in the 65-to 74-year age group, where a 27% reduction in hospitalisation rate was observed for the period 1996-1997 to [2005] [2006] . The hospitalisation rate declined by 20% in the 75-to 84-year age group and 10% in those aged 6 85 years.
Deaths
During 1997, a total of 9,126 deaths from stroke occurred in Australia. Based on the age-specific death rates during 1997, we calculated that deaths from stroke would be expected to rise to 12, 726 The greatest reduction in death rate for stroke occurred in the 65-to 74-year age group (48%). The death rate declined by 36% in the 75-to 84-year age group, 24% in the 6 85-year age group, and 28% in the ! 65-year age group.
In-hospital case fatality also declined during the study period, declining from 17.0% in 1996-1997 to 14.6% in 2005-2006 (p ! 0.001).
Comparison of Routine Statistics with NEMESIS
We found that estimates of hospitalisations in Australia in 1997 obtained from NEMESIS were approximately 10% greater than those observed from routine hospital morbidity data ( table 1 ) . In addition, deaths in stroke patients within Australian hospitals estimated from NEM-ESIS were about 17% greater than those actually observed, and overall deaths were about 28% greater in NEMESIS than those reported through death certifica- Year Hospitalisations 1 9 9 6 -1 9 9 7 1 9 9 7 -1 9 9 8 1 9 9 8 -1 9 9 9 1 9 9 9 -2 0 0 0 Color version available online tions. Overall, the estimates of total strokes occurring were similar for the two sources, being approximately 8% greater in NEMESIS.
Discussion
We found that hospitalisations from stroke have not increased as expected. We also found that deaths from stroke have also not increased as expected. In contrast, both hospitalisation and mortality rates for stroke appear to be declining. Similar to our own findings, there is evidence from Canada [18] and the United States [12, 19] that hospitalisations for stroke have been declining. There is also evidence from other regions [7] [8] [9] [10] as well as from three repeat studies of stroke incidence conducted in Perth, Western Australia, that the incidence of stroke is declining [6, 20] . The current figures support the notion that these declines observed in Perth may also be occurring in other parts of Australia. However, the observation of a 5.5% annual decline in incidence in Perth is much greater than the 2.21% annual reduction in hospitalisations observed in the present analysis. The fact that a greater proportion of people with stroke were hospitalised in later time periods in Perth may, at least in part, account for some of this disparity. It is also possible that declines in the incidence of stroke may be greater in Perth than in some other major centres, and that this is the reason for the disparity in the figures observed.
The observation that declines in deaths from stroke were greater than declines in hospitalisations provides some evidence that more people with stroke are surviving the initial stroke insult. This is most likely influenced by improvements in acute stroke treatments over the past decade [21, 22] . Another possibility is that more patients are receiving their care for stroke in a stroke care unit, as stroke units have been shown to improve outcome after stroke [23] . Although there is evidence that the number of stroke unit beds in Australia has been increasing [24] , patient access to these stroke units may not necessarily mirror these increases [25] . Therefore, it is unclear whether access to stroke units has contributed to this decline in deaths following stroke.
We also found that the use of nationwide routine hospitalisation and mortality data for stroke appears to provide a reasonable approximation for the number of strokes that occurred during 1997. When interpreting these results, one must consider the differing scope and definition of hospitalisations from the AIHW NHMD and the NEMESIS and Perth studies. The hospitalisations identified in the NEMESIS and Perth studies included patients with a wide range of admitting diagnoses who were considered as potential cases and were then rigorously followed up before inclusion in the studies. In contrast, the NHMD is compiled from data supplied by the state and territory health authorities in Australia, and is a collection of de-identified electronic summary records for episodes of care in public and private hospitals in Australia [26] . Another important difference in scope is that the NHMD does not include emergency department presentations that do not require admission to hospital or episodes of non-admitted patient care provided in outpatient clinics. For the reasons outlined, the results presented here should be considered as an approximation to the number of strokes occurring in Australia rather than an exact measure. It is unclear whether this approximation would become better or worse if the pattern of stroke severity and survival changed. Further community-based studies may be warranted to better tease out the applicability of morbidity and mortality data for stroke to different settings.
There are some limitations to this study. First, there are inaccuracies in death certification for stroke [3] . F igures used to calculate totals are shown in italics. National routine data are obtained from hospitalisation and mortality data for Australia. NEMESIS figures are obtained by multiplying the age-and sex-specific attack rates for stroke (i.e., first ever and recurrent strokes combined) with the age-and sex-specific age bands for the population of Australia, and then apportioning the number hospitalised and the number who died. a Total deaths for NEMESIS include all cases who died within 12 months of stroke, even when they died after being discharged home. b In national mortality statistics, people who died while in hospital are counted in both the hospitalisation and the death figures listed. To avoid double counting, this figure (4,662) is subtracted from the total sum of hospitalisations and deaths from stroke. c Those cases who died but would not have been counted in the hospitalisation figures as they did not attend hospital.
Death certification includes those who have suffered a subdural haemorrhage, which may result in a slight overestimation of the number of deaths. However, it is more likely that a slight underestimation of deaths has occurred as the calculations are based on the underlying cause of death only. Because most people who survive the initial insult of the stroke die from other complications, the stroke is more likely to be attributed to those other causes in the mortality statistics. This may explain why the deaths attributed to stroke in the NEMESIS data are greater than those from mortality statistics. Furthermore, this attribution of deaths to other causes may have affected patterns over time as more patients are now surviving their acute event. Thus, the actual number of deaths may be underestimated and their declining pattern may be overestimated. Second, there may be inaccuracies in hospital discharge coding. For example, patients with a previous stroke may be coded as an acute stroke even though the readmission is not related to a new event. However, a recent report from the Hunter region in Australia provides evidence that the inaccuracies in hospital discharge coding may be minor [27] . Thirdly, not all people with stroke are hospitalised [28] , and if the proportion of people hospitalised has changed over time, the findings of a decline in hospitalisation over time may differ from hospitalisations that are actually occurring. Data from the Perth incidence studies provide evidence that these declines in stroke hospitalisations are underestimated as the proportion of people with stroke who were hospitalised actually increased over the time period of the study [6] . Furthermore, the observation that in-hospital case fatality has also declined does not support a changing pattern of hospitalisation to those with more severe stroke. Another limitation to this study is that NHMD data are separations-based and not patient-based, so people who have more than one separation in a reference year are counted on each occasion. A separation is defined in the NHMD as an episode of admitted patient care that can be a total hospital stay from admission to discharge, transfer or death or a portion of a hospital stay beginning or ending in a change of care type (for example, from acute care to rehabilitation). We have tried to account for any double counting of acute stroke patients in the NHMD by excluding transfers from other hospitals and separations coded as statistical admission with change of care type. Further, the NHMD does not include emergency department presentations that do not require admission to hospital nor does it include episodes of nonadmitted care provided in outpatient clinics. Practices also vary across the states and territories as to whether or not a person who has a stroke and dies in the emergency department is admitted to hospital. Also, while deaths occurring in hospital for admitted patients can be identified in the NHMD, the database does not collect cause of death, so we cannot be certain that all deaths in hospital for acute stroke separations were due to the stroke. Finally, changes in classifications, coding standards, and service provision may have affected the number and rate of acute stroke separations over time.
This study provides evidence that data routinely collected on hospitalisations and mortality may provide a reasonable approximation of the actual number of strokes occurring in Australia. There is also evidence that hospitalisation rates for stroke are declining, and that mortality from stroke is declining at an even greater rate. If these figures reflect actual occurrences of stroke then, similar to Canada [13] , it may be that primary and secondary prevention strategies in Australia are working.
